Abstract Carrot powder and cornmeal were extruded at ratios of 0:100, 10:90, and 20:80 with and without CO 2 injection at die temperatures of 80, 100, and 120°C. The effects of the composition of the extrudate, die temperature, and CO 2 injection on physicochemical and antioxidant properties of extruded products were studied. The results showed that die temperature had a significant effect on expansion ratio (ER), specific length, piece density, color, water absorption index (WAI), and water solubility index (WSI) (p \ 0.05). The injection of CO 2 significantly affected the ER, WAI, WSI, lightness, redness, microstructure, total phenolic content, and the 2,2-diphenyl-1-picrylhydrazyl radical-scavenging activity of extrudates (p \ 0.05). Increasing the proportion of carrot powder in extrudates resulted in better antioxidant properties and higher levels of crude ash, crude fat, crude protein, and redness; however, it resulted in lower WAI, lightness, and yellowness (p \ 0.05). The study demonstrated that extrusion with CO 2 injection and addition of carrot powder may improve the nutritional quality and structure-forming ability of extrudates.
Introduction
Extrusion cooking has been used to manufacture various types of snack foods in many shapes and a variety of textures [1] . The two main factors that influence the characteristics of extrudate are: raw material characteristics and extrusion process variables [2] . It is well known that injection of CO 2 into an extruder barrel can improve the structure of expanded extrudates [1] [2] [3] , but only a few studies have been undertaken using CO 2 injection to improve the antioxidant properties of extrudates. Wang and Ryu [3] presented that antioxidant properties of extruded corn grits mixed with 30% corn fiber at 120°C with CO 2 injection were more stable than those without CO 2 injection, whereas antioxidant properties of extrudates at other temperatures (90 and 105°C) with and without CO 2 injection did not show a significant difference. Thin et al. [4] found that the TPC and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity of extruded sorghum at 80°C with CO 2 injection were higher than those without CO 2 injection; however, there was no significant effect of CO 2 injection on antioxidant properties of extruded oats and millet. Therefore, it was evident that antioxidant properties of extrudates from previous studies did not show a clear result when CO 2 was injected.
Extrusion cooking of corn and oat meal has been successfully commercialized, especially in the production of breakfast cereals. These products are rich in carbohydrates but low in vitamins, carotenoids, dietary fibers, and antioxidants. The consumption of carrot and its related products has increased steadily because there is higher consumer demand for nutritious snacks with enhanced bioactive compounds. Carrot is a vitaminized food product with dietary fiber. Carrots are unique roots rich in ascorbic acid, carotenoids, natural antioxidants, and anticancer components [5] . Therefore, carrot powder was chosen for this research to increase content of carotenoids, dietary fibers, vitamins, phenolic compounds, and antioxidants in extruded products.
Several studies have used extrusion cooking for developing food with health-promoting characteristics such as antioxidant activity [6, 7] . The incorporation of dehydrated carrot powder in ready-to-eat snacks was reported to be promising [8] . } Ozer et al. [6] encouraged the utilization of carrot powder in the formulation of snack foods due to its high content of carotenoids. Mridula et al. [9] revealed that the extruded beetroot and carrot powders had relatively high protein and fiber contents. In the recent years, the incorporation of up to 3.25% of carrot pomace powder into ready-to-eat expanded products was suggested by Alam et al. [10] . Kalyani et al. [11] reported that the addition of carrot powder in maize-based extruded snacks increased piece density (PD) but decreased the expansion ratio (ER) and brightness. Although several researches persuaded the utilization of carrot powder for producing extrudates, no study used carrot powder mixed with cornmeal in the extrusion with CO 2 injection.
The purpose of this work was to investigate the effects of extrusion conditions such as die temperature (80, 100, and 120°C) and CO 2 injection on the physicochemical and antioxidant properties of extruded cornmeal with varying levels of carrot powder (0, 10, and 20%).
Materials and methods

Materials
Carrot powder was purchased from Garunara Co. (Seoul, Korea). Cornmeal was purchased from Dongilgrain Co. (Gyeonggi, Korea). Three levels of carrot powder/corn meal mixtures were formulated. The carrot powder was mixed with corn meal in the ratios of 0:100, 10:90, and 20:80 (w/w).
Chemicals
Folin-Ciocalteu reagent, sodium carbonate (Na 2 CO 3 ), DPPH, sodium hydroxide (NaOH), and boric acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Other chemicals and solvents were the highest commercial grade and were used without further purification.
Extrusion process
A co-rotating intermeshing twin-screw extruder (Incheon Machinery Co., Incheon, Korea) with a diameter of 32 mm and a length of 768 mm (L:D = 24:1) was used. The screw configuration of the extruder was shown in Fig. 1 . The extrusion was carried out at 150 rpm screw speed, 100 g/ min feed rate, and 3 mm die diameter. The CO 2 was injected in the barrel at 150 mL/min. The moisture content of the material was adjusted to 35% before extrusion processing. The die temperatures were set at 80, 100, and 120°C. The extrudate was dried directly in an oven at 50°C for 8 h, and the dried samples were stored in polyethylene bags at room temperature and used for measurement of physical properties (ER, density, and mechanical properties). The dried extrudates were ground to powder using a stainless steel mixer (FM-909T, Hanil Electrical Co., Korea) and then passed through a 30 mesh sieve (pore size: 400 lm US Standard Sieve Series) and stored at 4°C until measurements were taken. The specific mechanical energy (SME) input (kJ/kg) was calculated as described by Edou-Ondo et al. [1] using the following equation:
where E = electric current after material is fed (amperes, A); E 0 = initial electric current (amperes, A); E v = the voltage applied to the armature of the motor (volt, V), and F r = the feed rate supplied to the extruder (kg/s).
Chemical properties
The moisture, crude fat, crude protein, and ash contents of both raw material and extrudates were determined according to the standard methods of the AOAC [12] . The reducing sugar was measured using the colorimetric method with 3,5-dinitrosalicilic acid (DNS) reagent. Glucose solution was used as a standard [13] . All experiments were performed in triplicate.
Physical properties
Expansion ratio (ER) and specific length (SL)
Radial expansion was determined by measuring the extrudate diameter using a digital caliper (IP67, Mitutoyo Co., Japan). The ER was measured as the diameter of extrudates divided by the diameter of the die exit (3 mm). Each assay was the mean of 10 repetitions. The SL of the extrudates was obtained as the length divided by the equivalent weight of extrudates. 10 replicates of extrudates were randomly selected.
Piece density (PD)
PD was determined after the extrudates were cut into pieces of approximately 2 cm length via a modified millet seed displacement method. The millets were poured into a 125 mL tube up till about one-fourth of the tube height. Then, the extrudates (approximately 2 g) were weighed and placed into the tube. The millets were then added to fill the tube, and the excess millet was scraped out. The tube containing extrudates and millet was weighed. Measurements were performed in triplicate for each sample. 
Color
Color measurements were performed on ground samples using a Minolta colorimeter (Minolta CR-300, Osaka, Japan) as lightness (L), redness (a), and yellowness (b). The L value ranged from black (0) to white (100), the a value ranged from greenness (-80) to redness (?100), and the b value ranged from blueness (-70) to yellowness (?70). For each sample, three measurements were taken and averaged.
WAI and WSI
The WAI was determined by a modification of the method used by Anderson et al. [14] ; briefly, 1.5 g of ground extrudate was mixed in 25 mL of distilled water for 30 min at 30°C, followed by centrifugation at 30009g for 20 min.
The supernatant was dried in an oven at 130°C for 2 h. The WAI calculated as the increase in weight of the sediment (gel) formed after decanting the supernatant. For the WSI, the supernatant from the WAI determination was transferred carefully into an evaporating dish. The supernatant was dried to constant weight in the oven.
Mechanical properties
The apparent elastic modulus (E app ) and breaking strength (BS) of the extrudates were determined using a rheometer (Compac-100 II, Sun Scientific Co., Tokyo, Japan) equipped with a 2-kg load cell [15] . The crosshead speed was set at 60 mm/min. The results were the average of 10 measurements.
Microstructure
The microstructure of extrudates was obtained by field emission scanning electron microscopy (MIRA III LMH, Tescan Co., Cranberry Township, PA) with an accelerating voltage of 25 kV. The extrudates were sputter-coated with gold-palladium alloy. The magnification ranged from 935 to 977. Effects of extrusion with CO 2 injection on physical and antioxidant properties 1303
Antioxidant properties
Extraction
The ground extrudate (5 g) was extracted with 20 mL of ethanol 95% at room temperature for 3 h. The supernatant was filtered through a Whatman No. 1 filter paper and then transferred into a sample vial for measurement of TPC, total flavonoid content (TFC), and DPPH radicle scavenging activity.
TPC
The TPC was determined according to the Folin-Ciocalteu colorimetric method [16] . The reaction mixture containing 20 lL of ethanol extracts was mixed with 100 lL of the freshly prepared, tenfold diluted Folin-Ciocalteu reagent and a 1.58 mL of distilled water. After 3 min, 0.3 mL of 20% Na 2 CO 3 was added. The solution was incubated in the dark at room temperature for 2 h. The absorbance at 765 nm was measured by a UV-vis spectrophotometer (Libra S35 UV/Vis-spectrophotometer, Biochrom Ltd., Cambridge, UK). Gallic acid was used as the standard, and results were calculated as gallic acid equivalents (mg GAE/ 100 g dry weight of sample). The assay was carried out in triplicate.
TFC
The TFC was measured as described by Woisky and Salatino [17] . The extracts (0.5 mL) were mixed with 0.1 mL of 10% aluminum nitrate. Further, 0.1 mL of 1 M potassium acetate and 4.3 mL of 95% ethanol were added. After incubation at room temperature for 40 min, the absorbance of the mixture was read at 415 nm. Quercetin was used as the standard, and the results were reported as mg quercetin equivalents per 100 g of dry sample. Samples were assayed in triplicate.
DPPH radical-scavenging activity
Radical-scavenging activity of extracts was estimated using the stable radical DPPH as proposed Brand-Williams et al. [18] with a slight modification. 1000 mL of the extract was quickly added to 2 mL of a 0.1 mM DPPH solution. The mixtures were shaken and held for 60 min at room temperature in the dark, and the absorbance was measured at 517 nm. The 80% ethanol was used as a control. The DPPH radical-scavenging activity was calculated according to the following equation:
where A control is the absorbance of the control and A sample is the absorbance of the sample.
Statistical analysis
All data were analyzed using statistical analysis system (SAS) program, version 9.1 (SAS Institute Inc., Cary, N.C., U.S.A.). One-way analysis of variance (ANOVA) was used to analyze the data. A significant difference among means of treatments was observed by Duncan's range test, and the statistical significance was defined as p \ 0.05.
Results and discussion
Proximate composition
The amount of crude ash, crude fat, and crude protein in the extrudates increased with increasing carrot powder levels, whereas the moisture content decreased ( Table 1 ). The extruded cornmeal with 20% carrot powder had significantly higher crude ash, crude fat, and crude protein contents than the extruded cornmeal with 10 and 0% carrot powder. There was no significant effect of die temperature and CO 2 injection on crude ash, crude fat, and crude protein, except for extruded cornmeal with 20% carrot powder with CO 2 injection, which had higher crude fat than the one extruded without CO 2 injection. The cornmeal-based extrudates with carrot powder contained significantly higher amounts of crude ash, crude fat, and crude protein compared to raw cornmeal 100%, whereas the moisture content was significantly lower than that of raw cornmeal 100% (p \ 0.05).
All extrudates had significantly lower reducing sugar content than the raw carrot powder 100% (p \ 0.05). There was no significant difference in reducing sugar content between raw cornmeal 100% and extruded cornmeal without carrot powder. The highest reducing sugar content (60.38 mg/g) was observed in extruded cornmeal mixed with 20% carrot powder at a die temperature of 80°C and with CO 2 injection. The combinations of cornmeal with carrot powders resulted in increasing reducing sugar content; however, it decreased as the temperature increased. Singkhornart et al. [19] reported that during the extrusion process, the reducing sugar generally decreases due to a browning reaction (Maillard reaction) as the reducing sugar reacts with amino acids.
SME input
The SME input of extrudates under different extrusion conditions is shown in Table 2 . The maximum SME input (153.87 kJ/kg) was obtained through viscous dissipation at 80°C die temperature and CO 2 injection by extruded cornmeal without carrot powder, whereas the minimum SME input (39.80 kJ/kg) was obtained through viscous dissipation at 120°C die temperature by extruded cornmeal with 20% carrot powder without CO 2 injection. The SME input of extruded cornmeal without carrot powder decreased with increasing die temperature, whereas extruded cornmeal with 10% carrot powder decreased when die temperature increased from 80 to 100°C (p \ 0.05). As reported by Guha et al. [20] , high temperatures are usually associated with a decrease in the melt viscosity inside the extruder, which in turn reduces the energy input of the extruder. The increase of the carrot proportion of extrudates from 0 to 10% led to a decrease in SME input at 80 and 100°C die temperature. The low SME input was due to reduced dough viscosity in the extruder barrel [21] . The SME input was increased by CO 2 injection at 80°C die temperature for 100% extruded cornmeal and for cornmeal with 10% carrot powder, whereas extruded cornmeal with 20% carrot powder at 80 and 100°C die temperature did not show a significant difference in the SME input. The injection of CO 2 gives a more viscous melt requiring a higher torque, which increases SME input [1] .
Physical properties
ER and SL
Expansion of the extrudate is closely linked to the size, number, and distribution of air cells within the material [22] . The ER of the extrudate without CO 2 injection was significantly increased with increasing die temperature, whereas the ER of the extrudate with CO 2 injection increased with increasing die temperature from 80 to 100°C (p \ 0.05) ( Table 2 ). The ER increased with increasing die temperature may be due to gelatinization of starch at high temperatures. In contrast, it is expected that if the melt temperature is further decreased, expansion would actually decrease because lowering the melt temperature leads to an increase in melt viscosity, which would reduce expansion [22] . The increasing carrot powder tended to decrease the ER. The melt viscosity decreased with decreasing starch content when carrot powder was added to cornmeal. Hence, the high protein and fiber content of the extrudates may result in a low melt viscosity, which could be attributed to low expansion and high PD.
The SL of the extrudates correlates their length with their weight as an expression of axial expansion. The highest value of SL (157.79 m/kg) was obtained in extruded cornmeal with 20% carrot powder with CO 2 injection at a die temperature of 80°C (Table 2) . Die temperature has been found to be the main factor affecting the SL of extrudates. The SL of all extrudates sharply decreased with increasing die temperature from 80 to 100°C; however, it slightly increased when die temperature increased up to 120°C (p \ 0.05). Only the SL of extruded cornmeal with 10% carrot powder with CO 2 injection was reduced significantly when die temperature increased from 100 to 120°C (p \ 0.05). The result indicated that the extrudates expanded in the radial direction with increasing die temperature. The increased SL denoted higher expansion in the axial direction. Launay and Lish [23] have reported that lower melt viscosity increased SL, whereas higher melt elasticity leads to higher cross-sectional expansion. In addition, the increase of carrot powder ratio increases the SL of CO 2 injected extrudates. It showed that the extrudates expanded in the axial direction with the addition of carrot powder.
PD
The effect of extrusion variables on the PD of extrudates was shown in Table 2 . PD, which considers expansion in all directions, ranged from 0.32 to 1.05 g/cm 3 in this study. The PD of all extruded products decreased with increasing die temperatures. Low density (a desirable characteristic of expanded products) was obtained at high die temperatures [2] . At a die temperature of 120°C, the PD of extrudates with CO 2 injection was higher than that without CO 2 injection, whereas the effect of CO 2 injection was not significant on the PD of extrudates at die temperatures of 80 and 100°C. Altan et al. [22] reported that the higher PD values and lower ER of extrudates might be because of the lower levels of gelatinization of starch and also because of molecular degradation of starch. There was no difference in PD between extruded cornmeal with 0, 10, and 20% carrot powder, except at 120°C die temperature without CO 2 , where the PD increased with increasing carrot powder content (p \ 0.05).
Color
Analysis of variance indicated that the effect of carrot powder content, die temperature, and CO 2 injection on extrudate color was significant (p \ 0.05) ( Table 2 ). The increase of carrot powder ratio significantly affected the brightness, redness, and yellowness of extrudates in each formulation (p \ 0.05). The extruded cornmeal with 20% carrot powder without CO 2 injection at a die temperature 120°C showed the highest redness and the lowest brightness. The addition of carrot powder increased redness significantly but decreased brightness and yellowness of all extrudates (p \ 0.05). Mridula [24] reported that different levels of carrot powder affected the color of biscuit samples because of the typical orange-like color of the carrot powder. In addition, an increase in die temperature from 80 to 100°C significantly decreased the brightness of all extrudates (p \ 0.05), whereas the reverse was observed for yellowness. The reduction in brightness with increasing temperature may have resulted from the occurrence of browning reactions such as Maillard reactions and caramelization [22] . Higher brightness was obtained from extrudates with CO 2 injection, whereas no CO 2 injection expressed lower brightness (p \ 0.05). It is possible that CO 2 may give rise to a decrease in pH causing inhibition of the Maillard reaction, leading to the higher brightness of extrudates with CO 2 injection [19] . The injection of CO 2 also significantly affected the redness as it showed lower value than the extrudates without CO 2 injection.
WAI and WSI
The WAI of the extrudates varied from 2.53 to 5.49 g/g ( Table 2 ). The WAI increased with increasing die temperature from 80 to 100°C (p \ 0.05); however, the WAI did not show a clear trend when die temperature increased up to 120°C. The WAI mostly increased by adding CO 2 to extrudates. Further, the increase of carrot powder ratio at die temperatures of 100 and 120°C without CO 2 injection resulted in a decrease in the WAI of extrudates. Thin et al. [4] found that the WAI of extruded millet was increased by the increase of barrel temperature. The amount of water absorbed by the ground extrudate has been used as an indirect estimation of the porosity of the material [25] . As the porosity of the extrudate material increases, the WAI would also increase [26] .
The WSI of extrudates was significantly (p \ 0.05) affected by die temperature, CO 2 injection, and addition of carrot powder ( Table 2 ). The WSI decreased when die temperature increased from 80 to 100°C, which may be attributed to the reduction in macro-molecular degradation, whereas the WSI increased with the increase in die temperature from 100 to 120°C due to dextrinization and melting. The combination of cornmeal with carrot powders resulted in significantly increased WSI (p \ 0.05), especially for the extruded cornmeal mixed with 20% carrot powder at a die temperature of 80°C with CO 2 injection being the highest, which had a WSI of 18.29% (Table 2 ). The injection of CO 2 to extruded cornmeal with 10 and 20% carrot powder had higher WSI than the one extruded without CO 2 injection.
Mechanical properties
The observation for E app and BS with different combinations of the process parameters is presented in Table 2 . The BS of the extrudates with CO 2 injection ranged from 3.26E?05 to 1.83E?06 N/m 2 . Die temperature had a significant effect on the BS and E app of extrudates (p \ 0.05). The BS of extruded cornmeal without carrot powder decreased as die temperature increased from 80 to 100°C. E app of cornmealbased extrudates with 0 and 10% carrot powder decreased with increasing die temperature from 80 to 100°C, whereas die temperature and CO 2 injection had no significant influence on E app of extruded cornmeal with 20% carrot powder. E app depends on the intrinsic rigidity and the longitudinal expansion of the expanded matrix. This study found that cornmeal-based extrudates with 0 and 10% carrot powder became brittle when extrusion was performed at high die temperature (120°C). It was reported by previous studies that mechanical properties had a correlation with PD and ER. Singkhornart et al. [2] reported that the BS and PD of extruded whole wheat with CO 2 injection decreased but the ER increased. Similar to this study, the BS and PD of extruded cornmeal with carrot powder without CO 2 injection decreased at 100 and 120°C but ER increased.
Microstructure
The alternations of cellular structures of the extruded cornmeal-based extrudates with carrot powder were observed via SEM microphotographs. The magnification ranged from 935 to 977. Figure 2 shows the structure of extrudates with varying carrot powder ratios with and without CO 2 injection. At low die temperature (80 and 100°C), an internal structure of the extruded cornmeal without carrot powder had some fracture in extrudates without CO 2 injection, whereas the extrudates with CO 2 injection did not show the fracture. Cross sections of the extrudates with CO 2 injection showed more uniform distribution of enclosed air cells with thin cell walls at a die temperature of 100°C compared with those of the extrudates without CO 2 injection. The reduction of interfacial tension with CO 2 injection causes more rapid and homogeneous nucleation, and thus creates a finer pore structure [27] . When carrot powder content was increased from 10 to 20%, size of the air cells reduced and more rigid structures were formed. Similar results have been observed by Lazou and Krokida [28] ; the number of air cells in extruded corn decreased and more rigid structures formed when lentil content was increased. Expansion of air cells and the number of air cells in extruded cornmeal with 20% carrot powder with CO 2 injection decreased at die temperatures of 80 and 120°C. The decrease in bubble size with increasing carrot powder was probably due to the addition of increasing amounts of fiber and protein to the blend, which may have affected the melt viscosity, and thus a denser product with smaller air cell diameters was formulated. Stojceska et al. [29] found a high correlation between mean cell area to the expansion in high-fiber extrudates, indicating that the higher level of fiber lowered the expansion of products, giving a structure containing more number of small cell. Besides, Kannadhason and Muthumarapan [21] described that protein is found to have a negative impact on the expansion of extrudates. Furthermore, when the die temperature increased from 80 to 100°C, air cell size of the extrudates increased and the air cell density decreased. Singkhornart et al. [19] reported that the rise in the die temperature increases the degree of superheating of water in the extruder.
Antioxidant properties
TPC
The Folin-Ciocalteu assay was used for determination of TPC in this study, and results were expressed as gallic acid equivalents. The TPC of extrudates was significantly lower than the raw materials, and it decreased (p \ 0.05) with increasing die temperature ( Table 3) . These results are in good agreement with those previously reported by Thin et al. [4] and Bisharat et al. [7] for extruded cereals (sorghum, barley, oats, and millet) and extruded broccoli, respectively. The reduction in the TPC may be attributed to either the decomposition of phenolic compounds under the high extrusion temperature or to the alteration of molecular structure of phenolic compounds that may lead to reduction in the chemical reactivity of phenolic compounds [8] . In all extrudates, the highest TPC was observed in extruded cornmeal made from 80:20 cornmeal/carrot powder mixtures with CO 2 injection at 80°C die temperature. The TPC of the extrudates increased when carrot powder ratio was increased (p \ 0.05). TPC values of the CO 2 -injected extrudates were significantly higher than those of non CO 2 -injected extrudates (p \ 0.05). CO 2 gas has been demonstrated to increase the extraction of polyphenolic compounds [30] . This result indicated that CO 2 injection could have a major impact on antioxidant capacities of extrudates.
TFC
The cornmeal-based extrudates with carrot powder had significantly lower TFC than raw carrot powder 100% (p \ 0.05). The TFC varied with carrot powder levels and ranged from 3.15 to 17.33 mg/100 g as quercetin equivalents (Table 3) . After extrusion, a significant decrease in the TFC was observed when the die temperature increased (p \ 0.05). The decrease in TFC may be attributed to the thermal destruction of flavonoids. Although TFC was increased with CO 2 injection, this increase was not significant for extruded cornmeal with 10% carrot powder. Increasing concentration of flavonoid content with increasing CO 2 concentration was observed in Betula pendula [31] and strawberry [32] . TFC of extrudates tended to increase with increasing carrot powder. The result indicated that higher carrot powder levels in extrudates led to higher TFC.
DPPH-radical-scavenging activities
The DPPH radical-scavenging activity of extruded cornmeal with carrot powder decreased after extrusion and it decreased (p \ 0.05) with the increasing die temperature ( Table 3 ). The extruded cornmeal with 20% carrot powder and CO 2 injection at 80°C had the strongest radicalscavenging activity compared with the other extrudates. Again, a statistically significant difference (p \ 0.05) between the DPPH radical-scavenging activities in extrudates with and without CO 2 injection was observed. The DPPH radical-scavenging activity in extrudates with CO 2 injection was higher than that in extrudates without CO 2 injection at die temperatures of 80 and 100°C. These results can also be explained by the fact that the CO 2 increased the extraction of polyphenols [8] . However, CO 2 injection in extruded cornmeal mixed with 0 and 10% carrot powder at 120°C die temperature did not significantly affect the DPPH radical-scavenging activity. Change in extrusion conditions, die temperature (80, 100, and 120°C) and CO 2 injection (150 mL/min), affected physicochemical and antioxidant properties of the extruded cornmeal with varying levels of carrot powder (0, 10, and 20%). Die temperature has been found to be the main factor affecting the physical properties of all extruded products. In addition, it was conclusive that CO 2 injection used in the present study could enhance antioxidant properties, some physical properties (ER, WAI, WSI, brightness, and redness), and the microstructure of extrudates. TPC and DPPH radical-scavenging activities of the extruded products with CO 2 injection were higher than those of extruded products without CO 2 injection. The incorporation of carrot powder can be used to increase contents of phenolic compounds, antioxidants, crude ash, crude fat, and crude protein of extruded products. The extruded cornmeal with 20% carrot powder with CO 2 injection at 80°C die temperature had the highest radical-scavenging TPC and TFC compared with the other extrudates. This study suggests that extrusion with CO 2 injection and incorporation of carrot powder have the potential to enhance the nutritional quality and structure-forming ability of the extrudate. 
